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 LV D ZHOO NQRZQ QRQ FRQYHQWLRQDO PDFKLQLQJ SURFHVV IRU
PDFKLQLQJKDUGPHWDODOOR\VDQGPHWDOPDWUL[FRPSRVLWHVZLWKKLJKSUHFLVLRQ:('0LQYROYHVWKHUPDOHQHUJ\WR
UHPRYH WKH ZRUN PDWHULDO WKURXJK ODUJH KHDW JHQHUDWLRQ GXH WR WKH LRQL]DWLRQ RI VPDOO JDS EHWZHHQ WKH WZR
HOHFWURGHV LH ZRUN PDWHULDO DQG ZLUH HOHFWURGH 5DPDNULVKQDQ DQG .DUXQDPRRUWK\  -DQJUD DQG *URYHU
 6LQFH WKH DGRSWLRQ RI ZLUH HOHFWULFDO GLVFKDUJH PDFKLQLQJ :('0 LQ PDQXIDFWXULQJ LQGXVWULHV PDQ\
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RYHUFRPH E\ GHVLJQLQJ DQG RSWLPL]LQJ WKH SURFHVV SDUDPHWHUV3XUL DQG %KDWWDFKDU\\D D E 6DUNDU HW DO

6HYHUDO LQYHVWLJDWLRQVKDYHEHHQFRQGXFWHG WRHYDOXDWH WKHHIIHFWRI LQSXW SURFHVV SDUDPHWHUVRQ SHUIRUPDQFH
FKDUDFWHULVWLFV RI :('0 SURFHVV RQ GLIIHUHQW PDWHULDOV UDQJLQJ IURP VLPSOH DOOR\ VWHHO WR UHFHQWO\ GHYHORSHG
FRPSRVLWHPDWHULDOV +DVFDO\N DQG&D\GDV 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FRPSDUDWLYHUHVXOWV IRUVXUIDFH URXJKQHVVDQGPLFURKDUGQHVVKDVEHHQSUHVHQWHG
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0DFKLQLQJ 6SHHG06
,Q:('006 LV WKH DYHUDJH VSHHGRIPDFKLQLQJRIZRUNPDWHULDO LQ OLQHDU GLUHFWLRQ DQG LW LV GLVSOD\HG RQ
PDFKLQHWRROPRQLWRUVFUHHQ LQPPPLQ ,Q :('006 GHSHQGVRQGLVFKDUJHHQHUJ\DFURVVWKHZLUHWRROHOHFWURGH
DQGZRUNPDWHULDO'LVFKDUJHFXUUHQW ,SSXOVHRQ WLPH 7RQSXOVHRII WLPH 7RIIDQGVHUYRYROWDJH 69DUH
LPSRUWDQW GLVFKDUJH SDUDPHWHUV LQ:('0 /RZ YDOXH RI ,S 7RQ 69 DQG KLJK YDOXH RI 7RII UHVXOWV LQWR ORZ
GLVFKDUJHHQHUJ\SHUXQLWWLPHDQGYLFHYHUVD
+LJK GLVFKDUJH HQHUJ\ UHVXOWV LQ KLJK KHDW JHQHUDWLRQ DFURVV WKH VSDUN JDS DQG UHVXOWV LQ ODUJH PHOWLQJ DQG
HYDSRUDWLRQRIZRUNPDWHULDO -DQJUD DQG*URYHU /L HW DO +HQFHPDFKLQLQJ VSHHG LQFUHDVHVZLWK
LQFUHDVH LQ GLVFKDUJH HQHUJ\ DFURVV WKH HOHFWURGHV DV VKRZQ LQ )LJXUH  ,W LV FOHDU IURP )LJXUH  WKDW ZLWK WKH
LQFUHDVHVLQGLVFKDUJHHQHUJ\ 06 LQFUHDVHVIRUDOOIRXUZRUNPDWHULDOVEXWLQGLIIHUHQWSURSRUWLRQV7KHLQFUHDVHLQ
06 LV ORZHVW LQ :&&R FRPSRVLWH ZKLOH QLFNHO DOOR\V 1LPRQLF DQG PRQHO VKRZV JRRG LQFUHDVH LQ
PDFKLQLQJVSHHGZLWKLQFUHDVLQJGLVFKDUJHHQHUJ\+&+&UVWHHOVKRZVPD[LPXPPDFKLQLQJVSHHGFRUUHVSRQGVWR
KLJK OHYHO RI GLVFKDUJH HQHUJ\ 7KH PHOWLQJ WHPSHUDWXUH QHDUO\ & DQG ERLOLQJ WHPSHUDWXUH & IRU
WXQJVWHQ FDUELGH LV TXLWH KLJK DV FRPSDUHG WR RWKHU WKUHH DOOR\V $OVR:&&R KDV KLJKHU WKHUPDO FRQGXFWLYLW\
ZKLFK LQFUHDVHV WKH IUDFWLRQ RI KHDW WUDQVIHU WR WKH EXON PDWHULDO -DQJUD .  DQG KHQFH OHVV PHOWLQJ DQG
HYDSRUDWLRQ RI :&&R PDWHULDO WDNHV SODFH $V D UHVXOW ULVH LQ PDFKLQLQJ VSHHG IRU :& &R LV OHVV DV
FRPSDUHG WRRWKHUDOOR\VZKLFKPHOWVQHDUO\DW&$WKLJK OHYHORIGLVFKDUJHHQHUJ\ VWHHODOOR\FRPSOHWHO\
PHOWVDQGHYDSRUDWHVWKDWHDVLO\IOXVKHGRXWRIWKHVSDUNJDSDWKLJKGLHOHFWULFIORZUDWH
)LJ (IIHFWRIGLVFKDUJHHQHUJ\RQ6XUIDFHURXJKQHVV
6XUIDFH5RXJKQHVV65
,Q:('0SURFHVV 65RIPDFKLQHGVXUIDFHLVFKDUDFWHUL]HGE\WKHVL]HDQGGHSWKRIWKHFUDWHUVSURGXFHGDIWHU
WKHPHOWLQJDQGH[SXOVLRQRIZRUNPDWHULDO7KHUHIRUHVLPLODUWR 06 65 LVDOVRIXQFWLRQRIGLVFKDUJHHQHUJ\DFURVV
WKHHOHFWURGHV)LJXUHVKRZVWKHHIIHFWRIGLVFKDUJHHQHUJ\RQVXUIDFHURXJKQHVVLQURXJKFXWWLQJRSHUDWLRQ5HVXOW
VKRZV WKDW 65 LQFUHDVHVZLWK LQFUHDVLQJGLVFKDUJHHQHUJ\ IRUDOO IRXUZRUNPDWHULDOV)LJXUHVKRZV WKH6(0
SKRWRJUDSKV RI PDFKLQHG VXUIDFH IRU IRXU ZRUN PDWHULDOV &RPSDULQJ WKH PDFKLQHG VXUIDFH DW ORZ DQG KLJK
GLVFKDUJHHQHUJ\ LW LVFOHDUO\UHYHDOHGWKDWPDFKLQHGVXUIDFHDWKLJKGLVFKDUJHHQHUJ\FRQVLVWVRIRYHUODSSHGDQG
GHHSFUDWHUVZLWK ODUJHVL]HGLDPHWHUV+LJKGHQVLW\RIPHOWHGJOREXOHVJHWVDFFXPXODWHGDW WKHPDFKLQHG VXUIDFH
UHVXOWLQJLQWRURXJKVXUIDFH
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)LJXUH0DFKLQHGVXUIDFHRI:&&RFRPSRVLWHDDW/RZ'(EDW+LJK'(
)LJ 0DFKLQHGVXUIDFHRI+&+&UDDW/RZ'(EDW+LJK'(
)LJXUHVKRZVWKDWVXUIDFHURXJKQHVVLVOHDVWIRU:&&RFRPSRVLWHZKLOHLWLVKLJKHVW IRU+&+&U 7KHVH UHVXOWV
FDQEHFRQILUPHGE\ FRPSDULQJWKHPDFKLQHGVXUIDFHLQ)LJXUH0DFKLQHGVXUIDFHRI+&+&UDQG1LPRQLF
FRQVLVWV RI GHHS DQG ODUJH VL]H FUDWHUV ZKLOH :&&R DQG 0RQHO KDV VPDOO VL]H FUDWHUV +HUH WKHUPDO
FRQGXFWLYLW\ PHOWLQJ DQG ERLOLQJ WHPSHUDWXUH DUH WKH UHVSRQVLEOH IDFWRUV ,Q FDVH RI ZRUN PDWHULDOV KDYLQJ ORZ
PHOWLQJ DQG HYDSRUDWLQJ WHPSHUDWXUH KLJKGLVFKDUJH HQHUJ\ FDXVHVRYHUKHDWLQJ DQG HYDSRUDWLRQRIPROWHQPHWDO
IRUPLQJ JDV EXEEOHV WKDW H[SORGH ZKHQ WKH GLVFKDUJH FHDVHV /L HW DO  $V D UHVXOW KLJK SUHVVXUH HQHUJ\
FUHDWHV ODUJH VL]H FUDWHUV RQZRUN VXUIDFH 7KH GLDPHWHU DQG GHSWK RI FUDWHU LQFUHDVHV ZLWK LQFUHDVLQJ GLVFKDUJH
HQHUJ\DQGKHQFHLQFUHDVHVWKHVXUIDFHURXJKQHVV+HZLG\ HWDO 
)LJXUH  UHSUHVHQWV WKH HIIHFW RI WULP FXWWLQJ RSHUDWLRQ RQ VXUIDFH URXJKQHVV 7ULP FXWWLQJ RSHUDWLRQV ZHUH
FRQGXFWHG IRUDOO IRXUZRUNPDWHULDOVXQGHUVLPLODUGLVFKDUJHSDUDPHWHUVEXWDWGLIIHUHQWYDOXHVRIZLUHRIIVHW DV
H[SODLQHGLQVHFWLRQ7ULPFXWWLQJRSHUDWLRQVZHUHFRQGXFWHGDIWHUDURXJKFXWWLQJRSHUDWLRQWKDWZDVSHUIRUPHGDW
KLJK OHYHO RI GLVFKDUJH HQHUJ\ ,Q WULPFXWWLQJRSHUDWLRQPDFKLQLQJ VSHHGZDVTXLWH KLJK  WRPPPLQ DV
FRPSDUHGWRURXJKFXWWLQJRSHUDWLRQPPPLQDQGLWUHPDLQVQHDUO\VDPHLUUHVSHFWLYHRIWKHZRUNPDWHULDO
D E
D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)LJ 0DFKLQHGVXUIDFHRI1LPRQLFDDW/RZ'(EDW+LJK'(
)LJ 0DFKLQHGVXUIDFHRI0RQHODDW/RZ'(EDW+LJK'(
)LJ  &RPSDUDWLYH HIIHFWRIWULPFXWWLQJRSHUDWLRQRQVXUIDFHURXJKQHVV
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5HVXOW )LJXUH VKRZV WKDW VXUIDFH ILQLVK LV LPSURYHGVLJQLILFDQWO\DIWHU WULPFXWWLQJ RSHUDWLRQ7ULPFXWWLQJ
UHPRYHV D WKLQ OD\HU RI VXUIDFH PDWHULDODQG VXUIDFH LUUHJXODULWLHV SHDNV DUH PLQLPL]HG WR UHGXFH WKH VXUIDFH
URXJKQHVV+HUHLWFDQEHQRWLFHGWKDWPXOWLWULPFXWWLQJRSHUDWLRQVDUHQRWPXFKHIIHFWLYH7KHUHIRUHVXUIDFHILQLVK
FDQEHLPSURYHGXVLQJVLQJOHWULP FXWDWORZGLVFKDUJHHQHUJ\ZLWK DSSURSULDWHZLUHRIIVHWYDOXH
)LJ DG 0LFURKDUGQHVVSURILOHXQGHUQHDWKWKHPDFKLQHGVXUIDFH
 0LFUR+DUGQHVV
)LJXUH DG GHSLFWVWKHPLFURKDUGQHVVSURILOH XQGHUQHDWKWKHPDFKLQHGVXUIDFHDIWHUURXJKFXWWLQJDQGVLQJOH
WULPFXWWLQJRSHUDWLRQ0LFURKDUGQHVVZHUHPHDVXUHGDWWUDQVYHUVHVHFWLRQWRWKHPDFKLQHGVXUIDFH ,WLVFOHDUIURP
WKHPLFURKDUGQHVVSURILOHV WKDWWKHPLFURKDUGQHVVVLJQLILFDQWO\UHGXFHG DWWKHPDFKLQHGWRSOD\HUDVFRPSDUHGWR
EXONPDWHULDO7KLVUHGXFWLRQLVPDLQO\GXHWRWKHWKHUPDOGHJUDGDWLRQRIWRSRUPDFKLQHGVXUIDFH/LHWDO
ZKLFK LV SUHGRPLQDWHO\ GXH WR WKH KLJK SUHVVXUH HQHUJ\ JHQHUDWHG LQVLGH WKH SODVPD FKDQQHO $W KLJK GLVFKDUJH
HQHUJ\ VRPH SDUW RI WKH WKHUPDO HQHUJ\ LV WUDQVIHUUHG WR WKH ZRUN PDWHULDO WKDW H[WHQGV WKH KHDW DIIHFWHG ]RQH
XQGHUQHDWKWKHPDFKLQHGVXUIDFH
D:&&RFRPSRVLWH E+&+&U
F1LPRQLF G0RQHO
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)LJXUHFDQGGVKRZVWKDWIRU 1LPRQLFDQG0RQHOQHDUO\ FORVHG PLFURKDUGQHVVSURILOHVDUH REWDLQHG
IRUURXJKFXWWLQJDQGWULPFXWWLQJRSHUDWLRQXQGHUQHDWKWKHPDFKLQHGVXUIDFHH[FHSWXSWRDGHSWKRIȝP%XWLQ
FDVHRI:&&RFRPSRVLWHDQG+&+&UQRWLFHDEOHGLIIHUHQFH LVREWDLQHG LQPLFURKDUQHVVSURILOHV IRU URXJKDQG
WULPFXWWLQJRSHUDWLRQ ,Q:&&RFRPSRVLWH DQG+&+&U FDUERQSHUFHQWDJH LVPRUHZKLFK FDXVHVTXHQFKLQJRI
PDFKLQHGVXUIDFHGXHWRGLHOHFWULFIOXLGDQGUHVXOWVLQWRPLFURFUDFNVLQVXEVXUIDFH.UXWKDQG6WHYHQV /LHW
DO8VLQJ WULPFXWWLQJRSHUDWLRQ WKHGHJUDGHG VXUIDFH LV UHPRYHGUHVXOWLQJ LQWRQHZVXUIDFHKDYLQJ OHVVHU
QXPEHUVRIPLFURFUDFNV DQGGHIHFWV7KHUHIRUHPLFURKDUGQHVV DIWHU WULPFXWWLQJRSHUDWLRQ LQFUHDVHV LQ:&&R
DQG +&+&5 8QOLNH VWHHO DQG :& DOOR\V GXH WR WKH DEVHQFH RI & HOHPHQWV LQ 1LPRQLF DQG 0RQHO
TXHQFKLQJGXHWRGLHOHFWULFGRQRWFDXVHPLFURFUDFNVLQVXEVXUIDFH
 &RQFOXVLRQV
,Q SUHVHQW ZRUN DQ H[SHULPHQWDO VWXG\ RI URXJK DQG WULP FXWWLQJ RSHUDWLRQ LQ ZLUH HOHFWULFDO GLVFKDUJH
PDFKLQLQJ:('0KDVEHHQFRQGXFWHGRQIRXUKDUG WR PDFKLQHPDWHULDOVQDPHO\ WXQJVWHQFDUELGHFREDOW :&
&R FRPSRVLWH KLJK FDUERQ KLJK FKURPH +&+&U VWHHO DOOR\ 1LPRQLF DQG 0RQHO 0DFKLQLQJ VSHHG
VXUIDFH URXJKQHVV DQG PLFURKDUGQHVV ZHUH WKH SHUIRUPDQFH FKDUDFWHULVWLFV LQ SUHVHQW LQYHVWLJDWLRQ )LUVWO\
H[SHULPHQWDWLRQV ZHUH FRQGXFWHG WR H[DPLQH WKH HIIHFW RI GLVFKDUJH HQHUJ\ RQ PDFKLQLQJ VSHHG DQG VXUIDFH
URXJKQHVVRIIRXUZRUNPDWHULDOVLQURXJKFXWWLQJRSHUDWLRQ5HVXOWVKRZVWKDWZLWKWKHLQFUHDVHLQGLVFKDUJHHQHUJ\
PDFKLQLQJVSHHGDQGVXUIDFHURXJKQHVVLQFUHDVHVZKLFKLVGXHWRWKHKLJKKHDWJHQHUDWLRQDQGKLJKUDWHRIPHOWLQJ
DQG HYDSRUDWLRQ RI ZRUN PDWHULDO &RPSDULQJ WKH 6(0 SKRWRJUDSKV IRU ORZ DQG KLJK GLVFKDUJH HQHUJ\ LW LV
REVHUYHG WKDW WKH PDFKLQHGVXUIDFHRI+&+&UDQG1LPRQLFFRQVLVWVRIGHHSDQGODUJHVL]HFUDWHUVZKLOH:&&R
DQG0RQHO KDV VPDOO VL]H FUDWHUV 7KLV PD\ EH GXH WR WKH GLIIHUHQFH LQ YDOXHV RI WKHUPDO FRQGXFWLYLW\ DQG
PHOWLQJDQGERLOLQJWHPSHUDWXUHVRIZRUNPDWHULDOV
7ULPFXWWLQJRSHUDWLRQVZHUHSHUIRUPHG DIWHU D URXJK FXWWLQJRSHUDWLRQ ZLWK KLJK OHYHO RI GLVFKDUJH HQHUJ\
XQGHU WKH VLPLODU GLVFKDUJH FRQGLWLRQV EXW ZLWK GLIIHUHQW ZLUH RIIVHW YDOXHV 5HVXOWV VKRZ WKDW VXUIDFH ILQLVK LV
LPSURYHGVLJQLILFDQWO\DIWHUWULPFXWRSHUDWLRQLUUHVSHFWLYHRIURXJKFXWWLQJ RSHUDWLRQ,WZDV DOVR QRWLFHGWKDWPXOWL
WULPFXWWLQJRSHUDWLRQVDUHQRWPXFKHIIHFWLYH7KHUHIRUHVXUIDFHILQLVKFDQEHLPSURYHGXVLQJVLQJOHWULP FXWDWORZ
GLVFKDUJHHQHUJ\ZLWK DSSURSULDWHZLUHRIIVHWYDOXH
0LFURKDUGQHVV SURILOHV XQGHUQHDWK WKH PDFKLQHG VXUIDFH DIWHU URXJK FXWWLQJ RSHUDWLRQ VKRZHG WKDW DW KLJK
GLVFKDUJH HQHUJ\ GHSWK RI WKHUPDO GHJUDGDWLRQ RI WRS VXUIDFH LQFUHDVHV DQG WKHUPDO GHJUDGDWLRQ LV DIIHFWHG E\
FDUERQSHUFHQWDJH LQZRUNPDWHULDO8VLQJ WULPFXWWLQJRSHUDWLRQ WKHGHJUDGHG VXUIDFH FDQEH UHPRYHG UHVXOWLQJ
LQWRQHZVXUIDFHKDYLQJOHVVHUQXPEHUVRIPLFURFUDFNVDQGGHIHFWV
5HIHUHQFHV
'HOJDGR<3%RQQ\.%DHWV1HLV3'0DOHN29OHXJHOV-/DXZHUV%,PSDFWRIZLUH ±('0RQGU\VOLGLQJIULFWLRQDQGZHDU
RI:& EDVHGDQG=U2 EDVHGFRPSRVLWHV:HDUSS
+XDQJ -7/LDR<6+VXH: - 'HWHUPLQDWLRQRI ILQLVK FXWWLQJRSHUDWLRQDQGPDFKLQLQJ ±SDUDPHWHUV VHWWLQJ LQZLUH HOHFWULFDO
GLVFKDUJHPDFKLQLQJ-RXUQDORI0DWHULDOV3URFHVVLQJ7HFKQRORJ\SS
+DVFDO\N$&D\GDV8([SHULPHQWDOVWXG\RIZLUHHOHFWULFDOGLVFKDUJHPDFKLQLQJRI$,6,'WRROVWHHO-RXUQDORI0DWHULDOV3URFHVVLQJ
7HFKQRORJ\SS
+HZLG\06(O7DZHHO7$(O6DIW\0)0RGHOLQJWKHPDFKLQLQJSDUDPHWHUVRIZLUHHOHFWULFDOGLVFKDUJHPDFKLQLQJRI,QFRQHO
XVLQJ560-RXUQDORI0DWHULDOV3URFHVVLQJ7HFKQRORJ\SS±
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